Highly purified, detergent-solubilized HLA-A and -B antigens and HLA-D antigens were separately incorporated into liposomes. Deter The major histocompatibility complex (MHC) controls the expression of several types of cell surface glycoproteins that seem to have been highly conserved during evolution. In man, two types of MHC antigens have been distinguished. The HLA-A, -B, and -C antigens are composed of two types of polypeptide chains (1, 2). The larger subunit expresses the particular alloantigenic determinants and is intergrated into the hydrocarbon matrix of the membrane whereas the smaller subunit, 02-microglobulin, is invariant and associated with all known HLA-A, -B, and -C antigens (see refs. 1-4). The HLA-D antigens are also composed of two types of dissimilar polypeptide chains, which are membrane integrated (5).
that N. catarrhalis preferentially interacted with transplantation antigens when mixed with detergent-solubilized lymphocyte membrane glycoproteins. These data suggest that HLA-A and -B and HLA-D antigens may have the function of interacting with foreign antigens such as bacteria.
The major histocompatibility complex (MHC) controls the expression of several types of cell surface glycoproteins that seem to have been highly conserved during evolution. In man, two types of MHC antigens have been distinguished. The HLA-A, -B, and -C antigens are composed of two types of polypeptide chains (1, 2) . The larger subunit expresses the particular alloantigenic determinants and is intergrated into the hydrocarbon matrix of the membrane whereas the smaller subunit, 02-microglobulin, is invariant and associated with all known HLA-A, -B, and -C antigens (see refs. [1] [2] [3] [4] . The HLA-D antigens are also composed of two types of dissimilar polypeptide chains, which are membrane integrated (5) .
It is now well established that the two classes of transplantation antigen molecules participate in various types of cell-cell interactions, at least among the cells of the immune system (for a review, see ref. 6 ). Thus, the HLA-A and -B antigens, and their counterparts in other species, are essential in the recognition of foreign antigens (7) . The HLA-D antigens and their structural equivalents in the mouse and the guinea pig, the Ta antigens, are needed on the surface of macrophages to allow a proper presentation of foreign antigens to helper T lymphocytes (8) . Whether these functions for the HLA-A, -B, and -D antigens are the only ones is far from established.
The structural similarity between the HLA-A and -B antigens and the immunoglobulins (3, 4) and the functional requirement for MHC antigens in the physiological activation of T lymphocytes against foreign antigens argues for the idea that the transplantation antigens in some manner can physically interact with foreign substances. To Antisera. The antisera directed against O2-microglobulin and the heavy chains of HLA-A and -B antigen were the same as described (1) . The reactivity of the anti-HLA-D antisera has been detailed (9) . Fab fragments were prepared from the IgG fractions of the antisera and from normal rabbit IgG (10) . The reactivity of all the antisera used could completely be absorbed out with papain-solubilized transplantation antigens. Thus, these antisera did not display measurable reactivity against the intracellular or membrane-integrated portions of the transplantation antigens (unpublished observations).
Bacteria. Five bacterial strains obtained as clinical isolates from the routine diagnostic laboratory were used. The strains used were Neisseria catarrhalis § 5 and 807 (NC 5 and NC 807, respectively), Haemophilus influenzae 87 (HI 87), and Escherichia coli 16 and 604 (EC 16 and EC 604, respectively). (The numbers are laboratory designations.) Before use, the bacteria were treated with 0.5% formaldehyde in phosphate-buffered saline at room temperature for 3 hr. After several washings with phosphate-buffered saline the bacteria were kept at +4°C until used. Concentrations (10, 14) . Labeling with 1251 was carried out as described (15) .
RESULTS

Characterization of Transplantation Antigen-Containing
Liposomes. The HLA-A and -B and the HLA-D antigens in octylglucoside were separately mixed with egg lecithin containing trace amounts of [14C]phosphatidylcholine to form liposomes. The liposome fractions, which contained more than 90% of the 14C radioactivity, were analyzed by sucrose gradient centrifugations. In 15-60% sucrose gradients, more than 80% of the HLA-A and -B antigens gave rise to three broad bands in the middle of the gradient (Fig. la) . The lipid-to-protein ratio varied in the bands-i.e., bands occupying positions at higher sucrose concentrations displayed a lower lipid-to-protein ratio. Liposomes formed in the absence of protein or in the presence of papain-solubilized HLA-A and -B antigens, which lack the hydrophobic tail needed for lipid binding (4, 16) , floated all the way through the gradient and were recovered in the two top fractions. The papain-solubilized HLA-A and -B antigens consequently were recovered in the bottom fractions (not shown). The HLA-D antigen-containing liposomes also gave rise to three broad bands (Fig. lb) . More than 85% of the protein was recovered in the three bands.
The two types of HLA antigen-containing liposomes were also subjected to sedimentation velocity analyses in linear sucrose gradients. The lipid and the protein sedimented identically as heterogeneous zones (Fig. 2 ). There was a pronounced tendency toward a higher sedimentation velocity for those liposomes with low lipid-to-protein ratios compared to those containing relatively less of the protein. The gradients were centrifuged at 4°C in a 6-ml swing-out rotor at 280,000 X g for 20 hr. Fractions were collected from the top and aliquots from each fraction were used for measurement of [14C]phosphatidylcholine radioactivity and for radioimmunoassay determinations of the distribution of the transplantation antigens. The bottom is to the right. To analyze the physical state of the transplantation antigens bound to the liposomes, fractions obtained from the middle of the gradients depicted in Fig. 1 were treated with 15 mM deoxycholate to solubilize the lipid-bound protein and then were subjected to labeling with 125I. The labeled materials were analyzed by sodium dodecyl sulfate/polyacrylamide gel electrophoresis. The HLA-A and -B antigens gave rise to two distinct radioactive peaks occurring at approximate molecular weight positions of 44,000 and 39,000 (Fig. 3) . The starting material used in the reconstitution procedure comprised the same two components. They represent the intact HLA-A and -B antigen heavy chains (44,000 daltons) and a proteolysis fragment thereof, the 39,000-dalton component. The latter fragment has lost about 35 amino acids in the COOH terminus but retains the hydrophobic stretch needed for the membrane integration (unpublished data); the proteolysis occurs during Fig. la (a) and from fractions in Fig. lb (b Orientation of Liposome-Integrated Transplantation Antigens. It was important to ascertain that the liposomes contained the transplantation antigens in a correct orientation. To examine this the HLA-A and -B and the HLA-D antigens were separately incorporated into liposomes and mixed with various antisera. The antisera directed against the two HLA-A and -B antigen subunits quantitatively precipitated the HLA-A and -B antigen-containing liposomes but did not cause more than background precipitation of the HLA-D antigen-containing liposomes ( Table 1 ). The opposite results were obtained with the antisera directed against the HLA-D antigens. These data show that some transplantation antigens were oriented in the right-side-out direction. Additional experiments using proteolytic digestion of the liposomes with various enzymes have shown that more than half of the liposome-incorporated transplantation antigens were exposed on the outside (unpublished observations).
Interaction of the HLA-A and -B antigens (Fig. 6d) and the HLA-D antigens (Fig. 6e) . Some of the radioactive material that bound to NC 5 strain bacteria was evidently also bound to strain EC 604 bacteria (Fig. 6b) but, in the latter case, no significant amount of radioactivity occupied the positions for the HLA-A and -B and the HLA-D antigens on the gel (Fig. 6 d and e) . Thus, the HLA-A and -B and the HLA-D antigens were selectively enriched from the total population of labeled lymphocyte glycoproteins (Fig. 6c) by the binding to strain NC 5. However, it should be noted that only a small fraction of the transplantation antigens was bound to the bacteria (compare Fig. 6 a and  d to Fig. 6e ). It is therefore likely that the transplantation antigens bind to bacteria with a low association constant.
Results in complete agreement with those described above for [3H]tyrosine-labeled proteins were obtained when galactose oxidase and sodium [3H]borohydride-treated lymphocyte glycoproteins were subjected to the same experimental procedure.
DISCUSSION
Because transplantation antigens occur in hundreds of thousands of copies per cell (18) , their interaction with other cells probably involves multipoint attachments (see ref. 19 ). This would imply that a cell-to-cell interaction of great specificity and strength could engage transplantation antigens which, at the level of the single molecule, may interact extremely weakly with the "receptor structures." Therefore, liposomes containing multiple copies of the transplantation antigens would be the tool of choice. Recently, Helenius et al. (11) (19) and divided into five equal parts. NC 5 and EC 604 bacteria (0.2 ml of OD 80) were added, the incubation proceeded for 60 min, the bacteria were pelleted and washed once in the detergent-containing buffer, and the supernatant was carefully removed.
Labeled molecules bound to the bacteria were dissolved and subjected to electrophoresis (a and b). The same amount of labeled glycoproteins as incubated with the bacteria was either directly applied to gel (c) or was subjected to indirect immunoprecipitation prior to the electrophoresis (d and e).
tigen-containing liposome has also been prepared by Helenius et al. (20) .
The HLA-A, -B, and -C antigens display an immunoglobulin-like structure. The allogenic heavy chain is composed of two immunoglobulin-like domains containing the typical immunoglobulin disulfide arrangement (3, 4) , and the small chain, i32-microglobulin, is homologous to the immunoglobulin domains in primary structure (21) . The 
